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ABSTRACT 

This study compared the relative effectiveness of 
teaching selected science concepts associated with the study of atoms 
and molecules to fourth and sixth grade students, using two 
contrasting teaching methods; (1) laboratory- theory sequence, and (2) 
theory-laboratory sequence. The sample of 99 students in one school 
was taught the science units through method (1), and 158 students in 
another school were taught the same science concepts using method 
(2) . Analysis of covariance techniques were used, vjith IQ and general 
science achievement as covariates. Findings included the following; 
the laboratory- theory sequence nethod was a better way to teach 
science concepts in the fourth grade; the theory- laboratory sequence 
method was a better way to teach science concepts in the sixth grade; 
the concepts taught were too difficult for most fourth grade students 
but not too difficult for sixth grade students; concept retention 
after three months was extremely high for most of the students; sixth 
grade boys in the theory- laboratory sequence method scored 
significantly higher than girls; and there was no significant 
interaction between the treatment groups and IQ ability groupings- 
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Abstract 



Teaching Upper Elementary School Science Using 
Laboratory-Theory Sequence and Theory- 
Laboratory Sequence Methods of Instruction 

Charles M. Emslie 



Purpose 

This study compared the relative effectiveness of teach- 
ing selected concepts associated with the study of atoms and 
molecules to fourth and sixth grade students using two con- 
trasting teaching methods which were: 

Method 1. Laboratory-theory sequence. 

Method 2. Theory-laboratory sequence. 

Method of Research 



The sample of 99 students in the fourth anc sixth grades 
of one school were taught the science unit by Method 1, and 
158 students in the fourth and sixth grades of another school 
were taught the same science concepts using Method 2. 

Analysis of covariance techniques ware used with IQ 
and general science achievement as covariates. 

findings 

This study indicated that: 

1. The laboratory/ -theory sequence method was a better 
way to teach science concepts in the fourth grade. 

2. The theory-laboratory sequence method was a better 
way to teach science concepts in the sixth grade. 

3. The concepts taught were too difficult for most 
fourth grade students . 

4. The concepts taught were not too difficult for sixth 
grade students. 

5. ' Concept retention after three months was extremely 

high for most of the students. 

6. Boys in the theory-laboratory sequence method scored 
significantly higher than girls in sixth grade. 

7. There was no significant interaction between the 
treatment groups and IQ ability groupings. 
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CHAPTER I INTRODUCTION 



Research in science and technology produced a consider- 
able body of new scientific knowledge during and after World 
War II. It became clear to many scientists and educators 
that, in order for students to master the necessary science 
course materials, and become competent in science, some 
changes would have to be made in the school science curric- 
ula. Since the science curriculum reform movement was 
initiated by physicists and college teachers,^ it was nat- 
ural that the high school science programs were changed 
first. It might have been better if they had started with 
elementary school science and worked up through th<j grades. 
Science, being sequential in nature, requires the necessary 
foundations for the mastery of higher levels of understand- 
ing. Thus, satisfactory achievement in senior high science 
dtjpends upon adequate foundations in junior high science 
wliich, in turn, depends upon elementary science for adequate 
preparation. The new secondary science curricula v/ere in- 
jected into an unprepared educational system. The students, 
tf}achers, laboratory facilities, and the system of evaluat- 
ing achievement were geared to traditional courses in sci- 
ence and this may account for some of the inconsistent 
results in the achievement of students who have completed 
one of the new courses of study. ^ 

The research designed to measure the new junior high 
science programs is limited and incomplete. However, there 
in a good possibility that the findings will be very much 
s..milar to those for senior high science. If it is true 
tliat the junior high sciences have not properly prepared 
students for the new secondary science, then it follows 
tiiat the achievement in the new junior high science pro- 
grams will be affected by the preparation provided by ele- 
mentary science experience. Since the new elementary sci- 
ence materials are not complete, the majority of the 
sruaents taking the new junior nigh courses will probably 
experience difficulty adjusting to the new approach. Thus 
i; seems appropriate to study science teaching methods for 
the elementary school level. 

Statement of the Problem 



The problem investigated by this study was: What will 

be the relative achievement of fourth and sixth grade stu- 
dents on a science unit, atoms and molecules, when taught 
by theory-laboratory sequence or laboratory-theory sequence 
methods of instruction developed for this investigation? 

Two sub-problems are; 
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1. At which grade-level can the concepts associated 
with atoras and molecules best be introduced to 
the students? 

2. will retention of the science concepts be greater 
for the students who were taught by the theory- 
laboratory sequence method of i struction or the 
laboratory- theory sequence method? 

Related Literature 



The literature contains very little information directly 
focused on the term "theory" but there is a vast amount deal- 
ing with the terms "concept" and "Conceptualization." Many 
authors use the term "conceptual scheme" which seems to 
approximate a common definition of the term "theory" given 
by Bruner. 3 The definitions for concept and conceptual 
scheme stated by Jenkins^ are close to what is assumed to 
be the meaning intended in the literaturB when not speci- 
fically defined: 

"A concept is an idea based on a pattern of events. 

V.’hen the child understands the idea or attacJies 
meaning to the pattern, he has attained the concept." 

"A conceptual scheme is a generalization made up of a 
group of related concepts as evidenced by a common 
element or characteristics among them." 

Since there are almost no references in the literature that 
deal with theory specifically, the term "conceptual scheme" 
will be considered to have the same meaning as "theory" for 
understanding the related literature. 

Can Children Learn Science Concepts ? 

A considerable amount of research has been conducted to 
determine whether or not elementary school children are 
capable of developing abstractions. There is general agree- 
ment among the authors that they are able to formulate mental 
models to explain their observations of natural phenomena. 

It is quite clear that concept development is central to the 
entire process of education, because "concepts are powerful 
intellectual tools which enable their possessor to cope 
efficiently and easily with the continuing flow of life's 
problems."* Heffernan^ states that the teacher who is aware 
of the way concepts are developed will seek continually to 
provide children with a wide variety of sensory experiences. 
The results of a study of Anderson^ indicates that it is 
plausible to teach science in a manner that permits chil- 
dren to become actively engaged in the process of formulat- 
ing theoretical or mental models (concepts) . Smitli^ points 
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out that elementary children are capable of learning con- 
cepcs aund that it is the teacher's task to help the chil- 
dren "develop concepts so that <^ey become useful tools 
at a conscious level which can be verbalized and consciously 
and deliberately applied." 

At What Age Should Science Concepts Be Taught ? 

The learning theory developed by Piaget^ states that 
abstract thinking becomes possible when the child reaches 
adolescence. Extensive research on Piaget's theory has 
been conducted by several investigators with the con- 
clusions being similar to those of Almy:^^ 

"Truly abstract thinking involving the ability to deal 
with the possible without reference to the actual, ac- 
cording to Piaget, is a later development. Not iintil 
he enters the final stage of formal operations, at the 
beginning of adolescence, can the young person con- 
struct theories and make logical deductions as to their 
consequences without the necessity for empirical 
evidence. " 

Ausubel is in agreement with this position. Raven, 
however, reporting on a study he did with children in thje 
primary grades found that they were capable of developing 
the concept of momentum, which involved the concepts of 
conservation of matter, speed, and the proportional use 
of mass and speed. He states that on the average, chil- 
dren can conceptualize by the time they reach third grade. 
Young^^ found that children in the third and sixth grades 
ware capable of developing concepts of atomic structure 
and the use of atomic energy. Harris^^ reported a signif- 
icant difference in the ability of the experimental group 
over the control group of children in the fourth, fifth, 
and sixth grades, in a study specifically designed to 
measure the mental age of children capable of science 
conceptualization. He also found that mental age is one 
of the variables affecting the ability of the child to 
develop science concepts. In his study the average and 
high ability groups showed significamt gains after instruc- 
tion in science concepts, but the low ability group did not. 
Pella and Carey^^ conducted a study to determine the rel- 
ative levels of understanding of certain concepts within 
the conceptual scheme, "the particle nature of matter," 
achieved by children in grades two through five. They 
found that out of a total of 16 concepts, 11 were mastered 
by the above-average fourth grade students and 15 concepts 
were mastered by the above-average fifth graders. The 
above-average second grade children mastered 2 concepts 
and the above-average third grade children mastered 4 
concepts . 
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What Teaching Methods Are Used ? 



The methods of teaching science most often investigated 
by research are "discovery" learning (direct experience in 
the laboratory) and lecture-demonstration. The lailx)ratory 
centered method has received considerable attention in cur- 
rent research because the new science curricula have devel- 
oped materials centered around the laboratory experience. 

There are an increasing number of research projects 
being reported in the current educational journals on 
effective ways of teaching sci^^nce concepts at the ele- 
mentary school level. In a study reported by Butts, 
who was measuring the degree to which children conceptualize 
;from experiences in science, there was no consistent sig- 
nificant concept development when the individual manipulation 
method was used. His subjects were fourth, fifth, and sixth 
grade students who voluntarily participated in the experience 
on an after school science class basis. The students were 
confronted with a phenomena in a science experience, and 
little else. The students were allowed to do what they 
W2mted to in the experience except discuss the experience 
with other class members. All the experiences were centered 
around four concepts which were: Displacement; Inertia; 

Action-Reaction; and Depth- Pres sure Relationship. Butts 
observed that a certain amount of external direction was 
necessary for children prior to the ninth grade if self- 
discovery is to be rewarding and motivating. He summed it 
up this way: 

"Although the evidence from this study causes us 
to question seriously the adequacy of independent 
manipulation of data as being sufficient for concept 
development, we do not mean to infer that it has no 
importance. Further study is needed to determine 
what factors in addition to first-hand experience 
will aid the child to develop conceptual understand- 
ing." 

In another study Butts^^ used very bright fourth, fifth, 
and sixth grade children to see whether or not experience 
in science was equal to understemding. He found that when 
the equation consisted of experience plus independence of 
manipulation there was no significzmt progress in under- 
standing. But when he added direction to the experience 
and manipulation, there was a significant chamge in their 
understcinding . He explained direction this way: 

"The teacher is not telling the student or playing 
the role of information giver. The teacher is 
classifying the relationships within the students 
experience in such a way that he is motivated to 
continue to search for understanding. The attitude 



of the teacher in this intellectual guidance may 
well be the most important determining factor of 
future cognitive growth of the student." 

Pella and Voelker^® carried out research in teaching 
the concepts of physical and chemical change to elementary 
school children in grades two through six. The experimental 
group formulated or discovered the generalization and the 
teacher formulated the generalizations in the control group. 

As a part of this study they were interested in determining 
whether the maturity of the learner was a factor contributing 
to the level of conceptual understanding. Their experiment 
indicated that there was no significsuit difference due to 
the treatment, but they did find that the understanding of 
the fourth, fifth, and sixth grade students was signifi- 
cantly greater than tOie second and third grade children. 

There was a significant relationship between the scores 
earned by pupils in grades two through six who received 
the treatoent (teacher assumed the responsibility for 
fomulating and stating the generalization) on the class- 
ification phase of the test and the number of times they 
supported correct classifications with correct reasons. 

Retention of knowledge deserves consideration as a 
part of the total learning experience. Some research has 
been done focusing on retention in relation to teaching 
method. Gage and Bassler^® studied 90 sixth grade stu- 
dents for retention of mathematical concepts and found 
that one of the best aids to memory was systematic review. 
Wittrock^O in research conducted using college students 
found that explicit and detailed direction seems to be 
most effective when the criterion is initial learning of 
a few responses. Some intermediate 2 unount of direction pro- 
duced the best results when the criteria was retention and 
transfer of knowledge. Bruner 21 says that unless detail 
is placed into a structured pattern it is rapidly for- 
gotten . 

Research points to the fact that elementary school 
children are capable of learning concepts in science and the 

most appropriate age for conceptualizing the instruction seems 
to be in the upper elementary grades. The roost effective 
way to teach science concepts is not clear from the litera- 
ture partly because there is a lack of consistent, adequate 
definitions and terminology. Apparently retention of know- 
ledge is facilitated by placing details in a structured 
pattern followed by frequent reinforcement. 

Purpose of the Study 

The purposes of this study are: 
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1. To determine the difference in achievement of 
students taught the concepts associated with atoms 
and molecules by the contrasting methods of theory- 
laboratory sequence and laboratory-theory sequence 
methods of instiviction as measured by a validated 
objective post tast instrument. 

2. To determine the proper grade placement for instruc' 
tion in the theoretical concepts associated with 
atoms and molecules. 

3. To determine student retention of selected concepts 
associated with atoms and molecules as measured on 
a delayed post test. 

Statement of Hypotheses 

The hypotheses to be tested are: 

1. There will be no significant difference in the 
achievement of fourth and sixth grade students 
taught the concepts associated with atoms and 
molecules by the contrasting methods of a theory- 
ledsoratory sequence and a ledjoratory- theory se- 
quence of instruction as measured by a validated 
objective post test instrument. 

1(a) Fourth grade students cannot learn adequately 
the science concepts associated with atoms 
and molecules where adequacy means that a 
certain number of the students must make 
correct responses to a specified number of 
the post test items. 

1 (b) Sixth grade students cannot learn adequately 
the science concepts associated with atoms 
and molecules where adequacy means that a 
certain number of the students must make 
correct responses to a specified number of 
the post test items. 

1(c) There will be no significant difference 
between the achievement scores of fourth 
cind sixth grade boys and girls measured 
at each grade level when taught selected 
science concepts associated with atoms and 
molecules by either a laboratory- theory or 
a theory-ledsoratory sequence method of 
instruction as measured by a validated 
post test. 

1(d) There will be no significant difference 
between achievement scores on the 

6 
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post test items of the high, medium, and low 
IQ fourth and sixth grade students taught 
selected science concepts by a theory- lab- 
oratory sequence method and the differences 
in achievement scores on the post test items 
of the high, medium, and low IQ fourth and 
sixth grade students taught the same con- 
cepts by a laboratory- theory sequence method 
of instruction. 

2. There will be no significant difference in the 
retention of concepts associated with atoms and 
molecules for students taught by the laboratory- 
theory sequence and the theory- laboratory se- 
quence methods of instruction as measured by a 
delayed post test instrument administered three 
mon'ths after the post test. 

The results of the statistical analysis are included 
with each hypothesis tested and the significance level for 
the rejection of the null hypotheses set at .05. That is, 
the null hypothesis was rejected if the results obtained 
would occur less than five percent of the time by chance. 

Limitations of the Research 



This research is limited to a study of fourth and sixth 
grade students located in the rural area oi north central 
United States. The sample included six intact classrooms 
form one elementary school system and from intact class- 
rooms from another school system located cdsout sixty miles 
apart in south central Iowa and northern Missouri. The 
students in the classes of the two schools were essentially 
equivalent to each other in every observable respect. Both 
schools had heterogeneous ability groupings and self con- 
tained classrooms for all but the three sixth grade classes 
in the Missouri school system. The students in these three 
classes were taught by the same science teacher. 

The statistical analysis was based on the achievement 
scores of a test instrument designed to be used with a sixth 
grade science test which included a unit entitled Atoms and 
Molecules . No statistical information was available on this 
instrxjment so it was submitted to a jury of science super- 
visors £uid high school and college chemistry and physics 
teachers for a validity check. Members of the panel con- 
sidered the evaluation instrument difficult for fourth and 
sixth grade students . The panel agreed on the answers to 
60 of the 91 items. Because the test was considered dif- 
ficult it was decided that a satisfactory level of com- 
petence would be reached if about 50 percent of the groizp 
tested made correct responses to about 50 percent of the 
60 items. 
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The 60 items selected by the jury panel were analyzed 
and a tabulation of the correct response percentages for 
each grade level is shown in Table 1 of Appendix D. This 
distribution indicates that the majority of the items were 
not partial to students of either method of instruction 

Table 2 in Appendix D shows the data from a Chi Square 
analysis of the sane 60 items. This tabulation shows that 
a total of eleven items were partial to one or the other 
methods of instruction at a confidence level of .05 or less. 
Six of the items significantly favored the laboratory-theory 
sequence students and five items favored the theory- lab- 
oratory sequence students. 

The evaluation instrument used co measure student 
achievement was difficult and did not give a valid measure 
of what the fourth grade students had learned cibout the 
atomic structure of matter. Since the topic selected was 
t!ieoretical in nature, the achievement test was clearly 
weighted with theory type items (see Appendix B) . The 
experimental design provided equal amounts of time for both 
methods of instruction but not all the concepts developed 
could be observed in the laboratory. Thus, while the lab- 
oratory work was tested by the exam, there were fewer lab- 
oratory questions than theory questions. The total score 
for the sixth grade students, however, provided a measure 
of the treatment effect on their achievement. 

The motivation for learning was noticeably high in 
both the fourth euid sixth grade classes. This was primarily 
due to the fact that the instructor was a special science 
teacher, creating a different learning atmosphere in the 
classroom. 
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CHAPTER II PROCEDURES 



Selection of Science Unit 

The science unit selected to teach the fourth and sixth 
grade students was about atoms and molecules. This partic- 
ular topic was selected because the theories associated with 
the atomic structure of matter are basic to all the sciences. 
Tamppari22 found that physical science concepts are pre- 
requisite to the learning of biology principles and that 
elementary children are not adequately exposed to physical, 
chemical, and general science. Also, the National Assess- 
ment of Educational Progress23 in a summary of Report #1 
indicated lower achievement in the physical sciences. An 
examination of ten elementary school science text series 
(Appendix C) revealed that two of the fourth grade and 
seven of the sixth grade texts treated topics related to 
atom and molecules in varying degrees of completeness. 

Only one (Holt, Rinehart and Winston, Inc. , 1967) sixth 
grade text treated the topic in-depth with a considerable 
amount of atomic theory. Additional support for including 
this kind of a topic at the elementary school level is 
found in Ausubel's^^ statement: 

"Good teaching is as thorough as is possible at the 
appropriate level of breadth and depth; and even at 
the elementary school level it allows for the occa- 
sional introduction of atypical depth, both sub- 
stantively and methodologically, to give the student 
a taste of scholarship cind of research inquiry." 

Variables Studied 

The independent vari£d)les were two methods of teach- 
ing science (theory-laboratory sequence and laboratory- 
theory sequence methods of instruction) and grade level. 

The theory -laboratory sequence of instruction is defined as 
the sequence which develops detailed mental models and con- 
cepts of the structure of matter as they relate to atoms 
and moleculi.s before performing ladsoratory experiments. 

Basic scientific definitions are esteiblished during this 
scune period of instruction. The l£d3oratory experiences 
serve as reinforcement and the student is led to discover 
interpretations of his observations in terms of his the- 
oretical foundations. 

The theory- laboratory sequence of instruction was 
selected as one method of instruction because educational 
research indicates that fourth and sixth grade students 
are capable of learning concepts and participating in 
abstract thinking^^ »26 ^ Piaget27 calls this stage the 
operational level of cognitive development which he places 
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at the beginning of adolescence. On the average ; this coin- 
cides with the age of sixth grade students. This sequence 
of learning experience permits the acquistion of a wider 
variety of knowledge based on one theoretical conceptual 
scheme. Learning the theory first permits the learner to 
view an event with greater understanding and insight. 
Bruner28 describes a theory and its uses this way; 

"A theory is far more and far less than an unproved 
stater.ant of facts. It is something more than a 
generalization about what happens — or more than a 
statistical statement about what is more and what 
is less likely to happen. It is, rather, a formal 
model, a set of propositions about things and ways 
of reordering those propositions that generate from 
time to time, predictions about the world to which 
the theory hopefully relates. Armed with a theory, 
one is guided to things to look for and, if the the- 
ory is a good one at all , it whould provide one with 
a terse account of what is known without the burden 
of details. A theo^ is not only the fruit of ex- 
perience with what is known, but a product of the 
imagination and careful fantasy in ways of express- 
ing it so that one can go beyond the known. It is 
a canny way of keeping in mind a vast amount while 
thinking about a very little." 

The theory-laboratory sequence of instruction does 
not rale out learning by discovery but in reality enhances 
it. Discovery is not restricted to the act of finding out 
something new "but rather includes all forms of obtaining 
knowledge for oneself by the use of one's own mind. ^^5** 
covery, like surprise, favors the well prepared mind, ”29 
This preparation can come by learning the theoretical 
considerations first and then experiences of surprise may 
occur when new, related knowledge is encountered. Bruner 
says that "discovery in its essence is a matter of rear- 
r£uiging or transforming evidence in such a way that one is 
enabled to go beyond the evidence so assembled to addi- 
tional new insights." With a good foundation in theory, 
discovery becomes much more probable. 

The ladaor a tory- theory sequence method was selected 
as the second method of instruction because this is the 
traditional way elementary school science is taught. This 
method is usually thought of as going from the known to the 
unknown. In this sequence of instruction the concepts 
associated with atoms and molecules were introduced first 
by observing some physical or chemical changes in matter. 
Each experiment was followed immediately by a guided dis- 
covery of the concepts about atoms and molecules directly 
related to the observed changes. Another reason for using 
this method of instruction was that this sequence is recom- 
mended by tht designers of many of the new junior and 

10 
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senior-high school science programs recently published. 

These new program* place considerable emphasis on the 
Iciboratory and the discovery-inductive method of teach- 
ing and learning. In addition there is a considerable 
amount of research reported in the science journals fa- 
voring this approach to learning . 

The second independent variable was grade level. The 
fourth and sixth grades were selected because students in 
these grades would provide a contrast in age level and 
cognitive development. 

The two dependent variables were the achievement and 
retention of fourth and sixth grade students as measured 
by an objective validated post and delayed post test instru- 
ment. A published test for this science unit was made 
available for these evaluations , (Appendix B) . 

Objectives 

The objectives of this study were; 

1. To determine the differences in achievement of 
students taught the concepts associated with 
atoms and molecules by the contrasting mei:hods 
of theory-laboratory sequence and laboratory- 
theory sequence of instruction as measured by 
a validated objective post test instrument. 

2. To determine whether instruction in the the- 
oretical concepts associated with atoms and 
molecules is appropriate in grades four and/ 
or six. 

3. To determine the effect of the teaching method 
on student retention of the concepts associated 
with atoms and molecules as measured by a de- 
layed post test. 

Description of Treatment 

First contact was made with both school systems in 
August of 1970 when preliminary arrangements were made 
with the school administration and teachers to conduct 
this research in their classrooms. The dates for the 
classroom instruction were agreed upon and a schedule was 
established for the investigator to visit each classroom 
several times prior to the formal classroom instruction. 
Also the text materials associated with the unit on atoms 
and molecules were identified and the teachers agreed to 
omit these materials from their lesson plans. In some 
cases the teachers made references to the materials 
omitted but there was no formal instruction on atoms and 
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molecules before or after the ten days of instruction 
associated with this research project. 

Each classroom was visited by the investigator three 
times prior to the unit of instruction in an effort to 
become familiar with the students, the teachers, and the 
established classroom procedures. During the last visit 
at each school final arrangements were made with each 
classroom teacher involved in the project specifying the 
exact teaching schedule and explaining what their respons- 
ibilities would be during the teaching and testing phases 
of the project. Since they would not be involved in the 
actual teaching, they were asked to assist with the mechan- 
ics associated with the laboratory work and to help main- 
tain a learning atmosphere in the classroom during the more 
informal periods of instruction. 

Arrangements were also made with tho administration 
and the guidance and counseling personnel to make availcible 
the necessary information from the cumulative records for 
all the students included in the sample. 

All the classroom teaching for the selected science 
unit was done by the investigator. Based on his previous 
experience of teaching a similar science unit to fifth 
grade students in the University of Michigan Laboratory 
School, it was decided to have ten 40 minute class periods 
for each method of instruction. 

The teaching phase of the research was completed during 
the month of January, 1971. The fourth and sixth grade 
classes in the Iowa school system were taught the science 
unit during the first two weeks using the laboratory-the- 
ory sequence method of instruction. The fourth and sixth 
grade students of the Missouri school system received the 
tiieory-laboratory sequence method of instruction during 
the last two weeks of the month. The delayed post test 
was given three months later. 

It was considered important to use the same 25 lab- 
oratory experiments for both methods of instruction. The 
investigator chose to use the Iciboratory-theory sequence 
of instruction in the first school in order to work out 
the management problems associated with performing lah- 
oratory experiments in the regular classroom. The ten 
days of experience in the first school proved to be very 
valuable preparation for the classroom instruction in the 
second school where the same laboratory experiments were 
completed in five periods • There were many complications 
associated with the laboratory work which were not antici- 
pated when the lesson plans were developed. Of major 
importance was the time factor associated with passing out 
and collecting the equipment and supplies for each student. 
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After the first period of the l2±>oratory- theory sequence 
of instruction the lesson plans were modified to include 
only those experiments which clearly supported the the- 
ories considered most important to the study of atoms and 
molecules. 

Each one of the ten lessons using the ledsoratory- the- 
ory sequence method of instruction started with a labora- 
tory experiment. The students were either given some 
equipment and materials and asked to perform some specific 
experiment or several of the students were selected to con- 
duct a laboratory demonstration illustrating changes which 
could be explained by the atomic theory. After the ex- 
periment was completed the explanation of what probably 
took palce to produce the observed chcuiges was discussed 
with the class. Since there were a total of 25 experi- 
ments it was necessary to perform two or three experiments 
each class period. The detailed final lesson plans for 
both the Icdjoratory- theory sequence and the theory-ledjora- 
tory sequence methods of instruction are in Appendix A, 

In the second school system where the theory-labora- 
tory sequence method of instruction was used the time factor 
proved to be most critical. There were three fourth and 
three sixth grade classes participating in the project and 
the school day was divided into a total of nine 40 minute 
periods. Because of special scheduling for art, music, 
physical education, and reading there were some minor 
adjustments in the regular science instruction period 
reserved for each class. As a general rule, the three 
fourth grades had their science the first three periods 
in the morning and the three sixth grade classes had their 
science the first three periods after lunch. This cor- 
responded to the time schedule for the science periods in 
the first school. 

The theory-laboratory sequence method of instruction 
began with five periods devoted to the discussion of the 
theories associated with the atomic structure of matter. 

The students were exposed to the theories associated with 
three fundamental forces (gravity, electric and magnetic), 
the fundamental atomic particles (electrons, protons and 
neutrons), the relative mass of each particle, the way the 
particles are combined to form the different chemical 
elements, how compounds are formed, and the idea that 
there are spaces between the atoms and molecules in all 
matter. In general each lesson started with a review of 
the concepts introduced in the previous lesson, followed 
by an inquiry session, a film, or a simple demonstration 
by the investigator to focus attention upon the new lesson 
materials. These activites were limited to mental exercises. 
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with the help of the periodic chart of chemical ele- 
ments, most of the students were able to identify the 
fundamental particles necessary to make models of the 
first eight elements on the periodic table by the end of 
the fifth period. During the fifth period each student 
constructed an atomic model of one of the first eight 
elements shown on the chart. A water molecule model was 
made and placed above the chalkboard in each classroom and 
used for reference during the next five periods. 

The remaining five periods were devoted to laboratory 
experimentation. The same 25 experiments used in the first 
school system were completed here in five periods; thus it 
was necessary to perform several experiments during each 
class session. Some experiments were performed by each 
student and others were performed by half the class as a 
demonstration for the remainder of the class. In ail cases 
the atomic concepts and theories revealed in the experiments 
were identified and discussed by the class. 

The Evaluation of Achievement and Learning 

The appropriate Stanford Achievement Test^ 

I or II, Form W was administered about the same time in both 
school” systems”"by the regular classroom teacher or the 
school counselor. The scores on the science section of the 
test were used as a measure of each students' general know- 
ledge in science. 

The instriiment used for the post and delayed post test 
was a published test designed for the unit entitled Atoms 
and Molecules in the Holt, Rinehart and Winston science 
text, Science: A Modern Appro^cji, Book Six published in 

1967, (Appendix B) . ihe post test was administered during 
the two succeeding science periods on the two regular 
school days following the ten days of formal instruction. 
Part I started with the section entitled Comparisons on 
page two of the test booklet and ended with the items in 
the section entitled Fact and Theory. Part II began with 
the section entitled Elements and Compounds and continued 
to the end of the test booklet. The items on page one were 
included as the last section of Part II because they were 
considered to be the most complex. The test was duplicated 
and a copy given to each student so that he could read the 
items and make his responses in the test booklet. The 
dents also heard each item read twice by means of an audio 
tape prepared for this research by an assistant who was a 
certified elementary school teacher. This audio-visual 
method of testing was used to obtain a better measure of 
science achievement by minimizing the reading ability 
variable known to exist at these grade levels. Bond and 
Tinker^^ report a normal range of reading ability from a 
1.7 to 6.5 grade level in the fourth grade and from a 2.5 
to 9.5 grade level in the sixth grade. 
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CHAPTER III RESULTS 



The data obtained from this research were tabulated 
and punched into computer cards. All of the statistical 
analysis was done by an IBM 360/67 computer programmed to 
test the Null hypotheses. 

Hypothesis 1 

Analysis of covariance was used to test the first 
hypothesis. In this design the independent variables 
were the two grade levels and the two methods of instruc- 
tion. The three dependent variables were the achievement 
scores on the post test and identified as total, labora- 
tory, eind theory items. In all cases the score represented 
the total number of correct responses to the test items in 
each category. From the items included in the total, a set 
of items was selected which the investigator considered 
would favor the student who had had the laboratory-theory 
sequence method of instruction and these were called lab- 
oratory items. A second set was identified as theory items 
which would favor students taught by the theory -laboratory 
sequence method of instruction. 

The student IQ and general science achievement scores 
were covariates and controlled in the euialysis. The ad- 
justed means obtained were used rather than the observed 
means in order to increase the precision of the analysis. 

Three separate computer analyses were performed on the 
experimental data. The first computer run used the method 
of instruction as the independent varietble and compared the 
differences in adjusted means of the combined fourth and 
sixth grade students in the laboratory- theory sequence 
groups with the differences in the adjusted means of the 
combined fourth and sixth grade students receiving the the- 
ory-laQsoratory sequence method of instruction. 

The data in Table 1 shows that the achievement of the 
theory -laboratory sequence students was not significantly 
higher than the achievement of the la±>oratory-theory se- 
quence students. This analysis used the total sample and 
compared the achievement scores of all the fourth and 
sixth grade laboratory -theory sequence students with all 
the fourth and sixth grade theory-laboratory sequence 
students. 

The second and third computer runs compared the achieve 
ment scores for the fourth and sixth grade students sep- 
arately. Each auialysis measured the effect of the teaching 
method on the achievement of the students at each grade 
level. 
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TABU 1 

ADJUSTED GROUP MEANS CF POST TEST SCORES FOR BOTH 
FOURTH AND Sim GRADE STUDENTS ARRANGED 
ACCORDING TO OREAIMENT METHOD (N> 239 ) 



Items 


Laboratory- 

•Dieory 


Theory- 

Laboratory 


F-Value 


Significance 

Level 


Total 


26.340 


25.538 


0.022 


0.883 


Lab 


10.298 


9.938 


0.000 


0.987 


Theory 


11.734 


11.697 


0.766 


0.382 



V-05 (df 1,235; f- 3*88) 
**P<.oi (df 1,235; F=6.7U) 



TABLE 2 



ADJUSTED GROUP MEANS OF THE POST TEST SCORES 
FOR THE FOURTH GRADE STUDENTS ARRANGED 
ACCORDING TO TREATMENT (Nsl 23 ) 





Treatment 




Significance 

Level 


Items 


Lab-Theory 


Theory-Lab 


F-Value 


Total 


23 .319 


21.965 


3.284 


0.073 


Lab 


8.546 


8.284 


0.281 


0.597 


Theory 


11 .211 


I 10.303 
J 


4,754* 


0.031 



*p<r,05 (df 1,119; F=3l93) 
**P<.01 (df 1,119; F*6.8?) 





16 



Table 2 shows the tabulation of the results obtained 
for the fourth grade students. These data indicate that 
the fourth grade pupils receiving the laboratory-theory 
sequence method of instruction achieved higher scores on 
the post test than the students receiving the theory-lab- 
oratory sequence method os instruction. There was a sig- 
nificant difference in the adjusted means identified as 
theory items and the difference in the adjusted group 
menas of the total score reached a .07 level of confidence. 
There was no significant difference in the adjusted means 
identified as laboratory’ items. 

The data recorded in Table 3 shows the effect of the 
teaching methods on the adjusted group means of the achieve- 
ment scores of the sixth grade students. These data re- 
vealed that the sixth grade students receiving the theory- 
labloratory sequence method of instruction scored higher on 
the post test than the students in the laboratory- theory se- 
quence group. There was a significant difference in the 
adjusted mean scores identified as theory items ard the 
difference in the adjusted means of the total score reached 
a .06 level of confidence. 



table 3 



ADJUSTED GROUP MEANS OF THE POST TEST SCORES 
FOR THE SIXTH GRADE STUDENTS ACCORDING 
TO TREATMENT (Nal20) 





Treatment 


F-Value 


Significance 

Level 


Items 


Lab-Theory 


Theory-Lab 


Total 


28.068 


29.954 


3.676 


0.058 


Lab 


11 .464 


11.926 


0.768 


0.383 


Theory 


11.844 


13.394 


7 . 446 ** 


0.007 



*p^.05 (df 1,116; F= 3 . 93 ) 
**p<.01 (df 1,116; F= 6 . 87 ) 
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OABLE U 



frequency distribution of correct item responses 

FOR THE fourth AND SIXTH GRADE STUDENTS 



Fourth Grade 


(N 3 126) 


Sixth Grade (N = I3I) 


Score 


Frequency 


Score Frequency 



30 1 

22 1 

21 1 



20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

If 



3 

If 

2 

6 

9 

8 

15 

12 

12 

lU 

9 

13 

6 

3 

if 

2 

1 



X = 12.611 
SD : 4.00 

I* . 0.549 

♦Kuder-Rlcherdsoa Reliability 
Coefficient. 



47 


1 


46 


i 


44 


1 


43 


2 


4l 


1 


40 


6 


39 


4 


37 


2 


36 


5 


35 


5 


34 


2 


33 


7 


32 


7 


31 


6 


30 


10 


29 


5 


28 


11 


27 


9 


26 


8 


25 


3 


24 


8 


23 


3 


22 


7 


21 


5 


20 


5 


19 


, 4 


18 


2 


l4 


1 



X s 29.183 



SD = 6.632 



r* = 0.725 
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